Abstract
This study aimed 
Introduction
Presbyacusia is hearing loss associated with aging and one of the most prevalent chronic conditions among the elderly 1 . It is thought to be caused by a combination of organic, environmental and life-style-related factors such as genetic predisposition 2 , exposure to noise, use of ototoxic drugs and the effects of illnesses suffered over the course of a lifetime 3 .One consequence of hearing loss is that it makes communication difficult, increasing the possibilities of social isolation, that in turn has a considerable effect on the daily activities and functional capacity of the elderly 4 . Presbyacusia is considered a significant public health problem due to the high prevalence of this condition among the elderly population.
In the United States, around 30% of the population aged 70 years and over are self-reported as having a hearing impairment and this figure reaches 50% in the over-80 age group 5 . In 2003 and 2004, 16.1% of young adult and elderly Americans, equivalent to approximately 29 million people, were afflicted by hearing deficiencies. Moreover, prevalence was five times greater in males than in females and five times greater in Caucasians than in African-Americans. Onset of hearing loss also occurred earlier in smokers, in people exposed to occupational noise and in people with associated diseases, such as cardiovascular conditions 6 , to the extent that it is the third most prevalent chronic condition experienced by the American population 7 .
Incidence of hearing loss among the American population was reported by Cruickshanks et al. 8 based on audiometric data collected over a period of five years. Mitchell et al. 9 , using a similar time period in a study in Australia of 3,654 individuals aged 50 years and over, found that hearing loss incidence was 17.9% and associated risk factors were advancing age and a less-privileged professional occupation.
In Brazil, hearing loss prevalence rates among the elderly vary between 13.8% and 33.3% in São Paulo 10 , 26.8% in the Northeast Region 11 , 36% in Canoas in the State of Rio Grande do Sul 12 and between 42.9% and 64.3% in Rio de Janeiro 13 . Despite the above figures, population studies of hearing loss among the elderly in Brazil are rare, especially those using longitudinal data to measure risks associated with this morbidity. In the bibliographic databases consulted for this article, no publications on hearing loss incidence among the elderly were found that contained nationwide data.
The Pan American Health Organization coordinated the Health, Well-being and Aging Survey (Saúde, Bem-Estar e Envelhecimento -SABE, acronym in Portuguese) 14 to fill this information gap, obtain other epidemiological information related to the elderly and obtain a profile of the living conditions and state of health of the elderly in Latin America and the Caribbean.
This paper is part of the SABE survey and aims to estimate self-reported hearing loss incidence among the elderly in the city of São Paulo, and identify the risk factors associated with this condition, to provide input for the elaboration of public policies directed at hearing loss prevention in this group.
Methods
The SABE survey was initiated in 2000 and its first phase consisted of a broad ranging simultaneous, multicentric, strictly comparative study, covering Argentina, Barbados, Brazil, Chile, Cuba, Mexico and Uruguay.
Data was collected on the following aspects of elderly life: personal information, cognitive function, state of health, functional condition, use of medications, use of and access to health services, family and social support network, occupational background and source of income, housing conditions, anthropometrics, and flexibility and mobility.
The sample was made up of two segments. The first, consisting of a probabilistic sample of 1,568 interviewees, was drawn from permanent records of 72 census tracts from the 1995 Brazilian National Household Sample Survey (Pesquisa Nacional por Amostra de Domicilios -PNAD, acronym in Portuguese) available at the Department of Epidemiology of the Faculty of Public Health of the University of São Paulo (FSP-USP). The PNAD records are composed of 263 census tracts drawn through cluster sampling using the criterion probability proportional to the number of households. The second segment consisted of 575 individuals living in the districts in which the preceding interviews had been conducted, and constituted additions made to compensate for mortality among elderly people aged over 75 years and to complete the desired number of interviews within this age group. This was done by locating households in close proximity to the selected census tracts or within the boundaries of the districts where the selected census tracts were located. The minimum number of households selected in the second stage approximated 90.
Questionnaire weighting was calculated according to the corresponding census sector (weight=1/f). For questionnaires conducted with individuals from households which were part of the original sample, weighting was calculated based on the relation between the population of São Paulo aged 75 years and over in 1998 and the total number of individuals from this age group registered in the final sample of the study.
Phase 2 of the SABE survey began in 2006, this time as a longitudinal survey. The aim of the second phase was to study changes over time in living conditions and health status of elderly people in the city of São Paulo and their associated determinants. To that end, the elderly individuals from the first phase of the study were revisited and reassessed. The basic aspects of the questionnaire were maintained, with slight modifications to address the study's requirements.
The study sample consisted of the individuals from the SABE survey 2000 sample aged 60 years and over who were reassessed in 2006. The baseline or initial population was determined as all individuals who had not self-reported hearing loss in 2000 (n = 1,396). The methodology included the study of concurrent cohorts, whereby the final event was considered to be self-reporting of hearing loss after the monitoring period had begun. Other exclusion factors, in addition to presence or absence of hearing loss at the beginning of the study segment, were taken into account, such as mortality over the period of the study (n = 366), failure to locate the subject (n = 98), change of residence to another city (n = 31), admittance to an institution (n = 5) or refusal to continue to participate in the second phase of the survey (n = 131), as illustrated in Figure 1 .
The final sample consisted of 765 elderly individuals interviewed first in 2000 and again in 2006. The criterion used to register self-reported hearing loss was the individual's response to the question "Generally speaking, how would you rate your hearing (with or without a hearing aid)?". The answers fair, poor, very poor, or if the subject remarked that he or she used a hearing aid, were all considered self-reported hearing loss. The original questionnaire was maintained from one data gathering period to the other, except for the addition of specific questions on hearing aid use, including "Why don't you use a hearing aid?". The information resulting from this question showed that certain elderly individuals had been prescribed hearing aids but had not been fitted with them. This aspect was therefore also included as an indication of self-reported hearing loss in 2006.
The following possible risk factors were examined: age, sex, skin color or ethnicity, marital status, family arrangement, literacy, education level (years of schooling), income, perception of income, occupational category, occupation position, self-perception of health, self-reported visual deficiency, tobacco use, diabetes, hypertension, osteoarticular diseases, neoplasia, cardiovascular disease, osteoporosis, chronic obstructive pulmonary disease, dizziness, symptoms of depression, probable dementia, use of estrogens (hormone replacement) and the presence of morbidities associated with the individual's occupation.
The Geriatric Depression Scale, developed by Sheik & Yesavage 15 to detect symptoms of light or serious depression in the elderly, was used to investigate symptoms of depression. Cognitive functions were evaluated using a modified version of the MEEM (Mini-Mental Health Exam), originally developed by Folstein et al., validated in Chile 16, 17 . The 12/13 cutoff point was adopted in accordance with the validation study recommendation. Sensitivity and specificity were 93.8% and 93.9%, respectively 16 , and cognitive impairment was defined based on a points scale with a maximum score of 12.
The MEEM results were used as a filter for the use of the Pfeffer Functional Activities Questionnaire (PFAQ) developed by Pfeffer et al. 18 and designed to evaluate an individual's functional autonomy regarding daily activities. A cutoff point of six or over, recommended by the authors, was adopted to indicate that an individual requires assistance to undertake instrumental activities of daily living. For analysis purposes, a subject that scored points in both the MEEM and the PFAQ was classified as a probable case of dementia.
With respect to the analysis of occupations, the individual's last or current occupation was investigated using the question: "What is the name of the job or occupation you were engaged in last week or the last time you worked?".
Occupations were coded in accordance with the definitions adopted by the Brazilian Classification of Occupation (http://www.mtecbo. gov.br/cbosite/pages/home.jsf ). Professions were grouped according to the following criteria: whether they offered a similar degree of risk for hearing, such as the presence of background noise in the working environment; whether they had similar educational requirements; or whether they involved tasks of a similar nature. This system of categorization resulted in the following new groups: Group 1 -members of the armed forces, police force, fire brigade, civil service administrators, managers of civil society organizations of relevant public interest and of companies, managers, and professionals in the areas of science and the arts; Group 2 -individuals with higher-level secondary technical qualifications, administrative services employees and service workers, salespersons in shops and markets; Group 3 -agricultural and livestock production workers, forestry workers, hunters and fishermen, production workers in industrial manufacturing and services and maintenance and repair workers.
Although individuals belonging to the armed forces, police force and the fire brigade experienced the greatest degree of exposure to occupational noise (due to the use of firearms), we decided to maintain these individuals in the first group due to their higher level of education and also because of the small overall number of individuals in the research sample.
Data analysis was carried out using the Stata 10.0 program (Stata Corp., College Station, U.S.A.) to handle the complex sampling method, involving a non-proportional stratified random sample and weighting. The weight variable created to assign different weights to the data was defined by calculating the reciprocal of the sample fraction and adjusted to ensure that the sample did not present any distortions regarding age or sex.
To analyze factors associated with hearing loss, survival curves based on the Cox regression model were plotted for each factor and compared using the verisimilitude ratio test. For analysis purposes, and to facilitate the calculation of estimated incidence rates, it was assumed that individuals acquired the condition in the middle of the period studied. Cumulative (proportional) incidence was calculated based on the total population at the beginning of the study, with values expressed as percentages.
A multivariate analysis of the independent variables that obtained p < 0.20 in the single variable analysis was carried out using the Cox model. A backward stepwise procedure was then used to construct the multiple model which analyzed the variables that obtained a p-value ≤ 0.05. In the final analysis, relative risk or risk ratio was estimated for each retained variable together with the 95% confidence interval.
This study is an integral part of the SABE survey, which was approved by the Research Ethics Committee of the FSP-USP (research protocol 1345, official document reference: COEP/83/06), which authorized the present study as a subproject.
Results
The average time elapsed between the first and second interviews was 6.4 years (SE 0.03) and the average estimated time since the onset of selfreported hearing loss was 3.2 years (SE 0.15). Of the 765 elderly individuals interviewed, 36.4% (n = 255) were males and 63.6% (n = 510) females. Based on the data collected at the beginning of the survey, mean age was 68.6 years (SE 0.6) and most of the elderly individuals (80.0%) were literate and had a family income that was higher than the official minimum wage (70.3%).
Proportional incidence of self-reported hearing loss over the period was 17.4% (95%CI: 14.8-20.2), with n = 142. The incidence of self-reported hearing loss was 28.9 new cases per 1,000 personyears. Incidence rates specified by individual risk factors are set out in Tables 1 and 2 .
The following variables were included in the multivariate analysis: age group, sex, marital status, family structure, occupational group, self-perception of health, tobacco use, osteoporosis and the use of some kind of medication. The findings of the multiple-analysis and the variables retained in the final model (with pvalues ≤ 0.05) are displayed in Table 3 .
Individuals in the 80 years and over age group were 70% more likely to develop hearing loss than those in the 60 to 69 years age group. Men also showed a 80% greater risk of developing hearing loss than women and those whose last or current occupation was in industry, agricultural and livestock production or maintenance were 70% more at risk than those in other occupations. Individuals with osteoporosis also showed a 70% greater risk of developing hearing loss than those without the disease.
Discussion
Very few studies have used longitudinal data to investigate hearing in young people or adults. The most notable work was conducted by Cruickshanks et al. 8 , Lee et al. 19 , Mitchell et al. 9 and Cruickshanks et al. 20 . However, findings relate either to proportional incidence or to alterations in hearing thresholds over time and none of these studies report incidence rates (number of new cases per population per year) in the studied sample groups. It is therefore impossible to make direct comparisons between the incidence rates identified by the present study (28.9/1,000 person-years) and those reported in the literature.
Despite this difficulty, the high incidence rates detected by this study stand out, especially in the more advanced age groups, emphasizing the need for research into auditory health in the elderly and investigate measures for ameliorating the risk of hearing loss in this age bracket to reduce such high incidence rates.
Proportional incidence observed by this study (17.4%; 95%CI: 14.8-20.2) is very similar to that reported by Mitchell et al. 9 (17.9%; 95%CI: 15.4-20.5) and Cruickshanks et al. 8 (21%; 95%CI: 19.4-23.4) in studies that investigated similar time intervals to the present study (five years). However, it is important to note that these studies used different methodologies and studied different age groups. Mitchell et al. 9 and Cruickshanks et al. 8 studied individuals aged 50 years and over and 48 years and over, respectively, using audiometric measures, as opposed to the present study that investigated individuals aged 60 years and over through the use of questionnaires. Therefore, despite the apparent similarities between the studies, it is reasonable to assume that the values for self-reported hearing loss are underestimated, and higher proportional incidence rates should be expected for older individuals, particularly those over the age of 60. On the other hand, if proportional incidence was considered as being accumulated prevalence and elderly individuals acquired hearing loss before reaching the specific age of the study group investigated by the present study, it is possible that similar incidence values would be found.
The following variables showed the greatest degree of association with the highest incidence of hearing loss and can therefore be considered risk factors for hearing loss: being aged 80 years and over, being male, working or having worked in agriculture or livestock production, industry or maintenance, and having osteoporosis.
The risk of experiencing hearing loss was 50% greater in individuals aged 70 years and over and 70% greater in individuals aged 80 years and over, when compared to the 60 to 69 year age group. Cruickshanks et al. 20 analyzed hearing loss incidence in Australians aged 50 years and over using objective measuring techniques (tone threshold audiometry). According to the authors, an 81% increase in the number of cases of hearing loss occurred in each of the five-year age brackets in the ten years after the initial study. Mitchell et al. 9 also detected clinical proof of higher rates of hearing loss incidence, confirming. a three-fold increase in hearing loss incidence for each 10-year age bracket over 60 years of age in the five years following the initial study. The reasons for the association between hearing loss and advancing age have been widely addressed by the literature 8, 20, 21 and include the following: aging of the internal structures of the cochlea and the auditory nerve 21 leading to sensorineural hearing loss; and length of time of exposure to factors that are detrimental to hearing, such as the use of certain medications, noise and certain diseases 3 .
Although hearing loss incidence was shown to be high in both men and women, men are 80% more susceptible to developing hearing loss than women. Other studies confirm that in the over 60-year age group hearing loss incidence is higher among men than in women, particularly in the medium and high frequency ranges 22 . Cruickshanks et al. 8 reported that men presented a three times greater risk of developing hearing loss than women, with OR = 2.7 (95%CI: 2.0-3.5). The same authors stated that such differences cannot be attributed to age differences or occupation, because the data was controlled for age and sex, and almost all participants were retired individuals. Contrary to previous assertions, some studies report 20 that the effects of exposure to occupational noise may continue even after exposure to the detrimental effects on the hearing structures has ended. This is however a highly controversial debate in the audiological literature. In the authors' opinion, the lesions caused by occupational noise may be subclinical in younger individuals but when these individuals reach a certain age these lesions may accentuate the effects of ageing on the internal structures of the cochlea, thereby exacerbating presbyacusia.
The risk of developing hearing loss was 70% higher in workers still engaged in occupations or whose last occupations were related to agriculture and livestock, forestry, hunting and fishing, the production of industrial goods and services, repair and maintenance sectors than in members of the armed forces, police and firemen, high level civil service administrators, administrators of civil society organizations of relevant public interest and of companies, managers, and professionals in the areas of Science and Arts. Cruickshanks et al. 20 showed that workers in the production and operational areas of industries, services and agriculture were more susceptible to developing hearing loss than other professions (OR = 1.34; 95%CI: 1.06-1.69), corroborating the findings of this study.
Numerous reports in the literature cite occupational noise as an important risk factor for hearing loss, especially in occupations where workers are exposed to noise levels above 85dB NA 23 , as is the case with many industries and with agricultural machinery operators. Hearing Loss Induced by Industrial Noise (HLIIN) is a typical modern occupational disease and one of the most common causes of acquired hearing loss in adults 24 . Solecki 25 , in a study conducted in Poland showed that the noise present in agricultural activities is another important risk factor threatening hearing, concluding that hearing loss prevalence among rural workers increases with the length of time individuals spend in the activity, particularly when exposure to noise lasts for over 30 years.
Such data serves to confirm the difficulties faced by hearing conservation programs that, despite being widely publicized, are limited in preventing this kind of deficiency, due to the lack of implementation of treatment/prevention protocols, low adherence rates among workers in the use of Personal Protective Equipment, or poor isolation of sound sources, especially in small and medium-sized industries and/or companies 26 .
Regarding osteoporosis, elderly individuals with this morbidity in the base study were 70% more likely to develop hearing loss than those without the condition. Helzner et al. 27 reported that the loss of bone mass associated with osteoporosis could serve as a biomarker for presbyacusia. According to the authors, alterations in bone density parameters were associated with hearing loss in elderly men, but no such association was found among women. However, Clark et al. 28 reported that femoral bone loss in older women is associated with hearing loss in the 60 to 86-year age group (OR = 1.9; 95%CI: 1.3-2.5). The probable explanation for this association is that the process of demineralization of the bone tissues typical of osteoporosis also affects the bone structures in the hearing system, including the cochlear capsule and the internal acoustic meatus 28 .
One of the methodological limitations of this study is the fact that estimates of hearing loss incidence are based on self-reported data and assumptions made regarding time of onset of the condition. It is possible that data concerning hearing loss incidence may be underestimated, since hearing loss may develop slowly and gradually in the beginning and elderly individuals may sometimes fail to self-report the condition even when it is present. On the other hand, incidence may have been overestimated due to a number of factors, including the decline in cognitive performance and deterioration in memory due to aging. However, considering the significant incidence of hearing loss and its negative effects, and given the dearth of information on this condition and associated risk factors among the elderly in Brazil, this study is a relevant contribution to widening the understanding of the auditory health of this age group and formulating future studies using objective methodologies.
It is also important to emphasize that this data provides important inputs to support and guide the formulation of public policies directed at this condition. Two of the factors associated with higher incidence -occupation and osteoporosis -should benefit from prevention measures. Thus, it is our recommendation that public health policies and actions in São Paulo designed to minimize the risks of this deficiency should firmly address these two factors as a way of minimizing hearing loss among the elderly. 
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